The concept of using standard deviation-volume histograms (SVH) (actually error bars-volume histograms) to evaluate the robustness of plans was introduced by Albertini, et al (Phys. Med. Biol. 56, 4399-4413 (2011)). In our work, we have extended it to robust optimization of IMPT plans. We are also introducing the SVH area-under-the-curve as a single quantitative measure of the robustness of the plan. Below is an illustrative H&N IMPT example of our work.
A) illustrates the use of SVH's to evaluate robustness. Smaller is the area under the SVH curve, greater is the robustness. For instance, the uncertainty in the CTV robustly optimized dose distribution is smaller than the PTV-based optimized plan.
Figure (B) compares robustness of IMPT plans, one optimized with a constraint on SV (no more than 10% of the CTV volume will have SD larger than 2 Gy) and the other one without such constraint. It illustrates that robustness can be controlled through the use of SV constraints. The area under CTV SVH curve without constraint is 15.01, and with constraint it is 13.56.
Figure (C) compares DVHs of robustly optimized IMPT plans with and without SV constraint. DVHs were computed using "worst-case" dose distributions. It is clear that requiring plan to be more robust leads to deterioration in normal tissue sparing (e.g., brain stem).
